Introduction
The direction of sediment transport in the marine environment is a major concern and the spatial changes in grain size parameters allow the identification of net sediment transport (Pedreros et al., 1996) . The complex nature of the sediments and sedimentation processes in the Indian Ocean is thought to be due to the combined effect of an active mid-oceanic ridge system, 90 o E aseismic ridge, flexured, folded and faulted nature of the seafloor topography, and uneven supply from the land masses (Heezen and Tharp, 1964; Griffin et al., 1968; Goldberg and Griffin, 1970) . Many workers have assigned detrital origin for the of clay mineral assemblages in the sediments of the Indian Ocean (Rateev et al., 1969; Kolla and Biscaye, 1973; Kolla et al., 1976; Rao and Nath, 1988) . Most of these studies were based on random surficial samples with low sample density representing large area in the Indian Ocean. The siliceous sediments predominates in the Central Indian Basin (CIB). The northern part of the CIB receives terrigenous influx from the Ganges-Brahmaputra rivers, and the influx is traced up to 8 o S (Nath et al., 1989 ) and 14 o S latitudes (Mudholkar et al., 1993) . The average sediment accumulation rate in the CIB varies from 1 to 5 mm/ ka (Borole, 1993 longitudes covering the PMN allocated area in the CIB are presented. This probably represents the largest systematic study on clay mineralogy of the sediments from the CIB. The present study also corresponds to the initial benthic environmental conditions in the CIB prior to the nodule mining activity in near future. The main objective of this study is to document the systematic changes in the clay mineral abundance in the CIB, and to decipher various deep-sea processes associated with fracture zones controlling these variations.
Methodology
The seabed sediments from 26 locations at 1 o spacing covering the PMN Pioneer area in the CIB ( Figure 1 ) were obtained using the box corer (with a box of 50 X 50 X 50 cm) during A.A. Sidorenko cruise no. 61 (AAS-61). Out of these two stations were in the area designated for FGM. The maximum depth of the sediment core was 45 cm. The siliceous sediments in the box core were sub-sampled at 2 cm interval up to 10 cm depth and at 5 cm interval for remaining length of the box core using a special device (Valsangkar, 2007) . The salt content in the sub-samples was removed in the shore laboratory by repeated washing with Barnstead RO -pure water and the samples were oven dried at 40 o C. The sand percentages were determined by wet sieving through a 62 μm sieve, whereas silt (63 to 2 μm) and clays (< 2 μm) were calculated by the standard pipette analysis (Folk, 1968) . Recalculated values of the sand-silt-clay fractions were used for preparing triangular plots. Oriented slides of 2 µm size clay fractions were prepared using 1 ml of treated sample for X-ray diffraction (XRD) studies. Figure 2 . The percentages of dominant clay minerals were determined by weighted peak area method (Biscaye, 1965) . The smectite/ illite (S/I) and kaolinite/chlorite (K/C), and kaolinite/ smectite (K/S) ratios were calculated from the respective clay fractions. The smectite crystallinity (V/P) was calculated after Biscaye (1965) by measuring the height of peak above the baseline (P) and the depth of the valley on the low angle of the peak (V), whereas illite crystallinity was calculated after Kitch (1980) by measuring the width (∆2θ) at half peak height at (001) diffraction peak.
Results

Sand
The sand content in the surface sediments from the entire CIB is generally low (up to 2 %), occasionally it exceeds > 5 % and rarely > 10 % (BC-18). The depth profiles show that the sand content increase marginally with depth up to 12 o S latitude, and later it remains < 2 % (Figure 3 ). The average sand content for the entire area for the surface sediments (0-2 cm) is 1.06 % and that for 2-4 cm depth is 1.27 %. Total sand averages for each station are given in Table 1 .
Silt
Silt content in the samples (from surface to ~ 40 cm depth) generally range within 20 to 50 % and more commonly within 20 to 40 %. However, very high (91 to 95 %) and low (7 to 25 %) values of silt were obtained for the deeper sections (10-15 and 30-35 cm respectively) at BC-06. In general, the silt content increases with depth ( Figure 4 ). The surface (0-2 cm) values of silt in the area vary within 20 to 46 % and that for 2-4 cm varies from 25 to 50 %. The average silt content per station is given in Table 1 . The average silt content for the surface (0-2 cm; 35 %) and 2-4 cm depth (37 %) sediments in the entire area is similar.
Clay
The clay content dominates in the area which has range of 44 to 79 % on the surface against the total range from 42 to 81 %. In contrast to sand and silt, the clay content decreases with the depth ( Figure   5 ). The clay averages are given in Table 1 . The average clay content in the entire area for the surface is 64 % and that for 2-4 cm depth sections is 62 %. The average clay in the area varies across the latitude and longitude (Table 1) .
Sediment texture (sand-silt-clay ratios)
Although the dominating sediment texture in the area is `silty clay', some sections at few stations are `clayey silt', and `clays' are rare ( 
Clay mineralogy
Vertical distribution of the clay minerals from 10 o to 16 o S appears monotonous with depth, amid few changes at places. The major clay mineral in the area (excluding BC-05) is illite, which has wide range (33-71 %), followed by smectite (2-41 %), chlorite (5-37 %) and kaolinite (3-30 %). Kaolinite and chlorite shows nearly equal ranges and smectite commonly shows initial increase up to 10-15 cm. In most stations, kaolinite and chlorite trends are similar and those of illite and kaolinite are opposite ( Figure 6 , 7). The station averages of smectite, illite, kaolinite and chlorite minerals and their ratio shows spatial variations in the CIB with respect to latitude and longitude ( (Table 4) .
Crystallinity index
The illite crystallinity shows minor variations (0.1-0.25) with depth. Comparatively, V/P ratios of smectite have large variations (0.1-1.0), which increases with depth for the sampling stations between 13 o and16 o S (Figure 8 ). The averages of illite crystallinity are almost constant in the area, whereas those for smectite show spatial variations (Table 5) .
Discussion
Spatial variations in the distribution of sand and clay content have been observed in the CIB. Although overall sand content in the basin is low (< 5 %), the sand averages display conspicuous southward decrease along the four longitude from 10 o to 16 o S, but do not vary along any particular latitude (Table   1 ). Conversely, the average clay content in the basin increases from 10 o to 16 o S (southward increase), and also from west to east (lateral increase; (Drolia, et al, 2003) . Some of the area in the CIB reported to contain fine grained smectite rich sediments derived from the alteration of in situ submarine basalts and the associated volcanic products (Kolla and Biscaye, 1976) . illite with minor amounts of kaolinite and montmorillonite (smectite) in the sediments off the Ganges. further pointed that the Ganges derived sediments does not reach the shelf off the peninsular rivers. In this view, high smectite (>60 %) and kaolinite (< 12 %) in the sediments of western part of the Bay of Bengal reported by Kolla and Biscaye (1973) , and Goldberg and Griffin (1970) Table 2 ), whereas those of smectite and kaolinite increases (6-16 % and 17-24 % respectively, Table 2 ). Similar trend is also depicted from S/I and K/C ratios which show a southward increase (0.1-0.4 and 0.8-1.3 respectively, in the CIB from south to north through the fz.
Previous workers (Siddiquie, 1967; Goldberg and Griffin, 1970) have reported iIllite as the predominant clay mineral in the Bay of Bengal sediments and that illite and chlorite are dispersed by turbidity currents from Ganges and Brahmaputra rivers (Kolla and Biscaye, 1973; Kolla and Rao, 1990; Rao and Rao, 1977) . The mineralogical and chemical studies have suggested (Nath et al., 1989; Mudholkar et al., 1993; Kolla and Biscaye, 1973) (Table 5 ) and indicates only one source. It is observed that the smectite crystallinity is inversely proportional to the smectite abundance (Table 3 and 5). The higher abundance of smectite in the CIB is related to the weathering of basic volcanic rocks provided by the seamounts along the fracture zones.
Therefore, the observed variation in smectite crystallinity appears to be due to the varying degree of weathering of basaltic rocks in the CIB.
Conclusions
The clay mineralogical studies on the CIB sediments show that silty clay sediments are more abundant than the clayey silt, and although, sand content is less than 2 %, the averages decrease towards Tables   Table 1. Average sand, silt, clay content and major sediment texture in the CIB Table 2 . Averages of clay minerals in the CIB Table 3 . Averages of S/I and K/C ratio in the CIB Table 4 . Averages of I/S and K/S ratios in the CIB Table 5 . Average smectite and illite crystallanity in the CIB Table 3 . Averages of S/I and K/C ratio in the CIB Lat. 
List of
List of figures
